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(Dated: June 2, 2015) 

We report a measurement of the branching fraction for '!/)(3770) —>■ 7Xci and search for the 
transition i/)(3770) — >■ 7 Xc 2 based on 2.92 fb~^ of e^e“ data accumulated at = 3.773 GeV with 
the BESIII detector at the BEPCII collider. We measure B{iIj{3770) —>■ 7Xci) = (2.48±0.15±0.23) x 
10“®, which is the most precise measurement to date. The upper limit on the branching fraction of 
'ip{S770) —>■ 7 Xc 2 at a 90% confidence level is B('0(377O) — >■ 7 Xc 2 ) < 0.64 x 10“®. The corresponding 
partial widths are r('!/)(3770) —>■ 7Xci) = (67.5 ± 4.1 ± 6.7) keV and r('i/)(3770) —>■ 7 Xc 2 ) < 17.4 keV. 

PACS numbers: 14.40.Pq, 13.20.Gd 
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I. INTRODUCTION 

The '0(3770) resonance is the lowest-mass cc state ly¬ 
ing above the open charm-pair threshold (3.73 GeV/c^). 
Since its width is 2 orders of magnitude larger than that 
of the 0(3686) resonance, it is traditionally expected to 
decay to DD meson pairs with a branching fraction of 
more than 99% [1]. This would be consistent with other 
conventional mesons lying in the energy region between 
the open-charm and open-bottom thresholds. However, 
if a meson lying in this region contains not only a cc pair 
but also a number of constituent gluons or additional 
light quarks and antiquarks, it may more easily decay to 
non-DD hnal states (such as a lower-mass cc pair plus pi¬ 
ous [2] or light hadrons [3]) than conventional mesons. In 
addition, if there are some unknown conventional or un¬ 
conventional mesons nearby the cc state under study, the 
measured non-open-charm-pair decay branching fraction 
of the cc state could also be large [4]. For this reason, 
searching for non-open-charm-pair decays of the mesons 
lying in this region has become a way to search for un¬ 
conventional mesons. 

In 2003, the BES Collaboration found the first non- 
open-charm-pair hnal state of J/07r“''7r“ [5, 6] in data 
taken at 3.773 GeV. Since the hnal state J/07r+7r“ can¬ 
not be directly produced in e“'"e“ annihilation, this pro¬ 
cess is interpreted to be a hadronic transition 0(3770) —>■ 
J/07r+7r“, although it has not been excluded that this 
hnal state may be a decay product of some other pos¬ 
sible structures [7] which may exist in this energy re¬ 
gion. Following this observation, the CLEO Collabora¬ 
tion found that 0(3770) can also decay into J/07r°7r°, 
J/077 [8], 7XcO [9], 7Xci [10] and 077 [11]. In the CLEO-c 
measurements, the XcO and Xci were reconstructed with 
Xco light hadrons and Xci —>■ 7>7/0, respectively. 
These observations stimulate strong interest in studying 
other non-DD decays of the 0(3770), as well as searching 
for non-open-charm-pair decays of other mesons lying in 
the energy region between the open charm-pair and open 
bottom-pair thresholds, particularly searching for J/0X 
or ccX (where X denotes any other particle, or titt, nK, 
and 77, where n = 1,2,3...) decays of these mesons in 
this energy region. 

Within an S-D mixing model, the 0(3770) resonance 
is assumed to be predominantly the l^Di cc state with a 
small admixture of the 2^Si state. Based on this assump¬ 
tion, Refs. [12-15] predict the partial widths of 0(3770) 
El radiative transitions, but with large uncertainties. 
Eor example, the partial widths for 0(3770) —>■ 7Xci 
and 0(3770) —>■ xXc 2 range from 59 to 183 keV and 
from 3 to 24 keV, respectively. In addition, the tran¬ 
sition 0(3770) —>■ 7Xc2 bas yet to be observed. There¬ 
fore, precision measurements of partial widths of the 
0(3770) —>■ 7Xci.2 processes are critical to test the above 
mentioned models, and to better understand the nature 
of the 0(3770), as well as to find the origin of the non-DD 
decays of the 0(3770). 

In this paper, we report a measurement of the branch¬ 


ing fraction for the transition 0(3770) —> 7Xci and search 
for the transition 0(3770) —>■ 7Xc2 based on (2916.94 ± 
29.17) pb“^ of e+e“ data [16] taken at y/s = 3.773 GeV 
with the BESIII detector [17] operated at the BEPCII 
collider. 


II. BESIII DETECTOR 

The BESIII [17] detector is a cylindrical detector with 
a solid-angle coverage of 93% of 47r that operates at 
the BEPGII [17] e“''e“ collider. It consists of several 
main components. A 43-layer main drift chamber (MDC) 
surrounding the beam pipe performs precise determina¬ 
tions of charged particle trajectories and provides ion¬ 
ization energy loss (dE/dx) measurements that are used 
for charged-particle identihcation. An array of time-of- 
flight counters (TOP) is located radially outside of the 
MDC and provides additional charged particle identifi¬ 
cation information. The time resolution of the TOE sys¬ 
tem is 80 ps (110 ps) in the barrel (end-cap) regions, 
corresponding to better than 2cr KItx separation for mo¬ 
menta below about 1 GeV/c. The solid angle coverage 
of the barrel TOE is jcos0j < 0.83, while that of the 
end cap is 0.85 < [cosS] < 0.95, where 9 is the po¬ 
lar angle. A CsI(Tl) electromagnetic calorimeter (EMC) 
surrounds the TOF and is used to measure the energies 
of photons and electrons. The angular coverage of the 
barrel EMC is [cos^j < 0.82. The two end caps cover 
0.83 < [cos^l < 0.93. A solenoidal superconducting 
magnet located outside the EMC provides a 1 T mag¬ 
netic field in the central tracking region of the detector. 
The iron flux return of the magnet is instrumented with 
about 1200 in^ of resistive plate muon counters (MUG) 
arranged in nine layers in the barrel and eight layers in 
the end caps that are used to identify muons with mo¬ 
mentum greater than 500 MeV/c. 

The BESIII detector response is studied using samples 
of Monte Carlo (MG) simulated events which are simu¬ 
lated with a GEANT4-based [18] detector simulation soft¬ 
ware package, boost [19]. The production of the 0(3770) 
resonance is simulated with the Monte Carlo event gen¬ 
erator /C/C, KKMC [20]. The decays of 0(3770) —>• 7Xcj 
(J = 0,1,2) are generated with EvtGen [21] accord¬ 
ing to the expected angular distributions [22]. In or¬ 
der to study possible backgrounds, Monte Carlo samples 
of inclusive 0(3770) decays, e+e“ —>■ (7)J/0, e+e“ —>■ 
(7)0(3686), and e“''e“ —>• 99 (? = u,d,s) are also gen¬ 
erated. Eor inclusive decays of 0(3770), 0(3686) and 
J/0, the known decay modes are generated by EvtGen 
with branching fractions taken from the PDC [23], while 
the remaining unknown decay modes are modeled by 
LundCharm [24]. In addition, the background process 
e“'"e“ —>■ r+r“ is generated with KKMC, while the back¬ 
grounds from e+e” —>• (7)e“''e“ and e+e“ —>• 
are generated with the generator babayaga [25]. 
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III. ANALYSIS 

In this analysis, the process '0(3770) — 7 Xcj {J = 
1 , 2 ) is reconstructed using the decay chain Xcj yJ/'^, 
J/ijj —>• {1 = e or pi). 


A. Event selection 

Events that contain two good photon candidates and 
exactly two oppositely charged tracks are selected for fur¬ 
ther analysis. For the selection of photons, the deposited 
energy of a neutral cluster in the EMC is required to be 
greater than 50 MeV. Time information from the EMC 
is used to suppress electronic noise and energy deposits 
unrelated to the event. To exclude false photons originat¬ 
ing from charged tracks, the angle between the photon 
candidate and the nearest charged track is required to 
be greater than 10°. Charged tracks are reconstructed 
from hit patterns in the MDC. For each charged track, 
the polar angle 6 is required to satisfy | cos0| < 0.93. All 
charged tracks are required to have a distance of closest 
approach to the average e“'“e“ interaction point that is 
less than 1.0 cm in the plane perpendicular to the beam 
and less than 15.0 cm along the beam direction. Elec¬ 
tron and muon candidates can be well separated with 
the ratio E/p, where E is the energy deposited in the 
EMC and p is the momentum measured in the MDC. If 
the ratio E/p is greater than 0.7, the charged track is 
identified as an electron or positron. Otherwise, if the 
energy deposited in the EMC is in the range from 0.05 to 
0.35 GeV, the charged track is identified as a muon. The 
J/ip candidates are reconstructed from pairs of leptons 
with momenta in a range from 1.2 to 1.9 GeV/c. 

In the selection of the 77 e“'"e“ mode, we further require 
that the cosine of the polar angle of the positron and 
electron, 0^+ and 0g-, satisfy cos0e+ < 0.5 and cos0e- > 
—0.5 to reduce the number of background events from 
radiative Bhabha scattering. 

To exclude background events from J/ 07 r° and J/i/rj 
with 7 r° —>■ 77 and 77 —>■ 77 , the invariant mass of the two 
photons is required to be outside of the 7 r° mass window 
(0.124, 0.146) GeV/c^ and the 77 mass window (0.537, 
0.558) GeV/c2. 

B. Kinematic fit and mass spectrum of 7J/0 

In order to both reduce background and improve the 
mass resolution, a kinematic fit is performed under the 
hypothesis. We constrain the total energy and 
the components of the total momentum to the expected 
center-of-mass energy and the three-momentum, taking 
into account the small beam crossing angle. In addition 
to these, we constrain the invariant mass of the t^t~ 
pair to the J/ip mass. If the of the 5-constraint (5C) 
kinematic fit is less than 25, the event is kept for further 
analysis. 


The energy of the 7 from the transition '0(3770) —>■ 
7 Xcj for J = 1, 2 is lower than that of the 7 from the sub¬ 
sequent transition Xcj —t 7'7/'0, while the energy of the 
7 from the transition '0(3770) —?► 7 XcO is usually higher 
than that of the 7 from the subsequent transition Xco 
7 J/ 0 . To reconstruct the Xci and Xc 2 from the radiative 
decay of the '0(3770), we examine the invariant mass of 
7 ^J/ 0 , where 7 ^ refers to the higher energetic photon 
in the final state . Figure 1 (a) shows the distri¬ 

bution of the invariant masses of J/ip from the Monte 
Garlo events of '0(3770) —>■ 7 Xcj —t 77 '^/'0 —t yyl'+l'”, 
which were generated at y/s = 3.773 GeV. Due to the 
wrong combination of the photon and J/' 0 , the transi¬ 
tion '0(3770) —^ 7XcO produces a broad distribution on 
the lower side; the events shown in the peak located at 
^ 3.51 GeV /(? are from the 0(3770) —>■ yxd decay; while 
the events from the peak located at ^ 3.56 GeV/c^ are 
from the 0(3770) —>■ 7 Xc 2 decay. 
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FIG. 1. Invariant mass spectra of the selected 7^J/0 
combinations from Monte Carlo events generated at = 
3.773 GeV, (a) is for the events from 0(3770) —> 7XcJ —>■ 
77 J /0 —>■ decays, (b) is for the background events, 

and (c) is the e+e" —>■ (7isr) 0(3686), 0(3686) —>• yxcj 
/)> events. 


Figure 2 shows the invariant-mass distribution of 
7 ^J /0 from the data. There are two clear peaks cor¬ 
responding to the Xci (left) and the Xc 2 (right) signals. 
Due to the small branching fraction (~ 1%) and the 
wrong combination of the photon and J/0, the events 
from XcO 7 J /0 decays are not clearly observed in 

Fig. 2. 
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FIG. 2. Invariant mass spectrum of the 7 ^ J/i/> combinations 
selected from data. The dots with error bars represent the 
data. The solid (red) line shows the fit. The dashed (blue) 
line shows the smooth background. The long-dashed (green) 
line is the sum of the smooth background and the contribution 
from e"'"e“ —>■ ( 7 isr)'i/’( 3686 ) production. 


C. Background studies 

In the selected candidate events, there are both signal 
events for tp{3770) —>■ JXcJ 77>^/'0 and background 
events. These background events originate from sev¬ 
eral sources, including (1) decays of the '0(3770) other 
than the signal inodes in question, (2) e+e“ —>■ (7)e+e“, 
e+e” —>■ (7 )/!and e+e“ —>■ where the 

7 in parentheses denotes the inclusion of photons from 
initial state radiation (ISR) and final state radiation 
(FSR), (3) continuum light hadron production, (4) ISR 
J/0 events, (5) cross contamination between the e“'"e“ 
and modes of the signal events, and (6) e+e“ —>■ 

( 7 isr) 0 ( 3686 ) events produced at = 3.773 GeV, 
where the notation “tisr” denotes the inclusion of pro¬ 
duced 0(3686) due to radiative photon in the initial state. 

Figure 1 (b) shows different components of the selected 
77J/0 events misidentified from the Monte Carlo simu¬ 
lated background events for e+e“ —>• (7)e+e“, e+e“ —>■ 
, and continuum light hadron production, which 
are generated at ^/s = 3.773 GeV. The shape of the 
invariant-mass distribution for these background events 
can be well described with a polynomial function. Us¬ 
ing MG simulation, the contributions from decays of the 
0(3770) other than the signal mode, e+e“ —(7 )t+t“, 
ISR J/0 events, and cross contamination between the 
e"'"e“ and modes of the signal events are found to 

be negligible. 

In addition to the backgrounds described above, the 
background events from e“'"e“ —>■ ( 7 isr) 0 ( 3686 ) with 
0(3686) -)> 7Xcj iXcJ jJ/i’, -^/0 decays 

can also satisfy the event selection criteria. This kind 
of background produced near ^/s = 3.773 GeV has the 


same event topology as that of 0(3770) —>■ xXcJ decays 
and are indistinguishable from the signal events. The 
number of background events from 0(3686) decays can 
be estimated using 

-^i/’(3686)->'7XcJ = '^•0(3686)->7X0j ^ ^ 

^ ^ ^V'(3686)—^7Xc j ’ (^) 

where is the observed cross section of 

e+e” —>■ 7 isr 0 ( 3686 ) with 0(3686) —?► 7XcJ at y/s = 
3.773 GeV, £ is the integrated luminosity of the data 
used in the analysis, is the decay branch¬ 

ing fraction of Xcj —>■ 7<^/0j Bj/^^i+i- is the sum of 
branching fractions of J/0 —>■ e+e” and J/0 —?► 
decays, and f?^( 3686 )-> 7 Xcj represents the rate of misiden- 
tifying the 0(3686) —>• 7XcJ events as 0(3770) —>■ 7Xcj 
signal events. The observed cross section for e+e" —>• 
7 isr 0 ( 3686 ) —>■ 7Xcj at y/s is obtained with 

obs 

^i/>(3686)^7XcJ 

= J c^°(3686)^7Xcj('®')/('s')'P'(a:,s)G(s,s")Js"dx, (2) 

where j{s') is the dressed cross section for 

0(3686) —>• 7Xcj decay, s' = s(l — x) is the square of the 
actual center-of-mass energy of the e+e“ after radiating 
the photons, x is the fraction of the radiative energy to 
the beam energy, /(s') is a phase space factor, F{x, s) is 
the sampling function for the radiative energy fraction x 
at y/s [26], G(s, s") is a Gaussian function describing the 
distribution of the e“'"e“ collision energy with an energy 
spread ctb = 1.37 MeV at BEPCII. o-°( 3686)^7 Xcj(®') 
calculated with 

(3686)->7X0 j ^ 

r;t3686)g(^(3686) ^ XXcj) 

- ^^(3686))^ + (r;°^3686)^<A(3686))^ ’ 

where F^® gggg^ and Fj/^gggg^ are, respectively, the leptonic 
and total width of the 0(3686), M^( 3 eg 6 ) is the mass of 
the 0(3686), and ;B(0(3686) —>■ 7Xcj) denotes the decay 
branching fraction of 0(3686) —>■ 7Xcj (J = 0,1,2). The 
phase space factor is equal to [27] 

/(s') = {E,{s')/E^^)\ (4) 

where Ej{s') and E° are the energies of the photon 
in the 0(3686) —>■ 7Xcj decay at e+e“ energies of W 
and M^(3686), respectively. The rates ?7V'(3686)^-7 Xcj of 
misidentifying 0(3686) —7Xcj as 0(3770) —7Xcj are 
4.16 X 10“^, 6.88 X 10“^ and 8.86 x 10“^ for Xco, Xa 
and Xc2, respectively, which are estimated with Monte 
Carlo simulated events for 0(3686) —>■ 7Xcj generated at 
y/s = 3.773 GeV. With the parameters of the 0(3686) 
(M^(3686) = 36 86.109t°;°i4 MeV, F^^^gggg^ = 299±8 keV 
and r^® 3 ggg^ = 2.36 ± 0.04 keV), the luminosity of the 
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data, the decay branching fractions and the misidentifi- 
cation rates, we obtain the numbers of background events 
from ■!/)(3686) —>■ JXcJ 77 ^^^“ decays to 

be 5.3 ± 0.3 XcO, 225.4 ± 11.7 Xci and 158.4 ± 8.5 Xc 2 , 
where the errors are mainly due to the uncertainties of 
the '0(3686) resonance parameters, the luminosity, the 
branching fractions of '0(3686) — >■ 7Xcj, XcJ iJ/'i’ 
and J /0 —>• decays. 


'^^'( 3770 )(v^)I\/J= 3.773 GeV and the luminosity of the 
data [16], we obtain the total number of 0(3770) pro¬ 
duced in the data sample to be 

^^(3770) = (20.86 ±1.13) X 10®, 

where the error is due to the uncertainties of the total 
cross section for 0(3770) production and the luminosity 
of the data. 


D. Signal events for 0(3770) —>■ 7Xcj 

To extract the number of signal events, we fit the 
invariant-mass spectrum of 7 ^ J/0 shown in Fig. 2 with 
a function describing the shape of the mass spectrum. 
The function is constructed with the Monte Carlo simu¬ 
lated signal shape as shown in Fig. 1 (a) to describe the 
signal, a fourth-order polynomial for the smooth back¬ 
ground, and the Monte Carlo simulated mass shape for 
the e+e“ — >■ ( 7 isr) 0 ( 3686 ) process with a yield fixed 
to the predicted size of the corresponding peaking back¬ 
ground. In the fit the expected number of 0(3770) —>■ 
7XcO is fixed at 60.1 ± 8.6 events, which is estimated with 
the branching fraction for 0(3770) —>■ 7 Xc 0 decay [23] and 
the total number of 0(3770) as well as the reconstruction 
efficiency. The error in the estimated number of events 
is from the uncertainties of the branching fractions for 
0(3770) -)> 7 Xc 0 , Xco xJ/i’ and J/0 -)■ [23], 

the total number of 0(3770) and the reconstruction effi¬ 
ciency. 

The fit returns 654.2±40.3 and 34.7±29.4 signal events 
for 0(3770) —>■ 7 Xci and 0(3770) —>■ xXc 2 decays, re¬ 
spectively. The red solid line in Fig. 2 shows the best 
fit. To estimate the statistical significance of observing 
0(3770) —>• 7 Xc 2 signal events, we perform a fit with the 
Xc 2 signal amplitude fixed at zero. Transforming the ra¬ 
tio of the fit likelihoods into the number of standard devi¬ 
ations at which the null hypothesis can be excluded gives 
a statistical signal significance of 1.2 standard deviations. 


B. Branching fraction 


The branching fractions for 0(3770) —>• 7 Xci and 
0(3770) —>■ 7 Xc 2 decays are determined with 


S(0(377O) ^ 7 Xci, 2 ) = 

-^i/>(3770)-i>7Xci,2 


( 6 ) 


where A^^( 377 o)^. 7 Xci 2 observed number of sig¬ 

nal events for 0(3770) 7 Xci ,2 decays, 2 ^- 77 /!/- 
is the branching fraction for Xci ,2 —>• xJ/i’, 
is the branching fraction for J/0 —>• decay, and 

£V'( 377 o)->' 7 Xci 2 i® the efficiency for reconstructing this de¬ 
cay. 

The reconstruction efficiencies for observing 
0(3770) —>■ 7Xci and 0(3770) —>• xXc 2 decays are 
determined with Monte Carlo simulated events for these 
decays. With large Monte Carlo samples, the efficiencies 
are found to be £^( 3770 )^ 7 x 01 = (31.25 ± 0.10)% and 
ey,( 3770 )_> 7 Xo 2 = (28.77 ± 0.10)%, where the errors are 
statistical. 

Inserting the corresponding numbers into Eq. (6) yields 
the branching fractions 

S(0(377O) 7Xci) = (2.48 ± 0.15 ± 0.23) x 10”®, (7) 


and 


IV. RESULT 
A. Total number of 0(3770) 

The total number of 0(3770) produced in the data 
sample is given by 

-^V'(3770) = ^’,jj{3773) ^ (6) 

where o-^’( 377 o) is the total cross section for 0(3770) pro¬ 
duction at 3.773 GeV in e“'"e“ annihilation, which in¬ 
cludes tree-level and both ISR and vacuum polariza¬ 
tion contributions. The BES-II Collaboration previously 
measured the cross section ct/,’( 377 o) (73)1^5=3.773 GeV = 
(7.15 ± 0.27 ± 0.27) nb [28], which was obtained 
by weighting two independent measurements of this 
cross section [29, 30]. Using this cross section 


S(0(377O) 7 Xc 2 ) = (0.25 ± 0.21 ± 0.18) x 10"®, (8) 

where the first errors are statistical and the second sys¬ 
tematic. 

The systematic uncertainty in the measured branch¬ 
ing fractions of 0(3770) —xXa and il7{3770) —?► XXc 2 
includes eight contributions: (1) the uncertainty in the 
total number of 0(3770) (5.4%), which contains the un¬ 
certainty in the observed cross section for 0(3770) pro¬ 
duction at x/s = 3.773 GeV [28] and the uncertainty 
in the luminosity measurement [16], (2) the uncertainty 
in the particle identification (0.1%) determined by com¬ 
paring the lepton identification efficiencies for data and 
Monte Carlo events, which are measured using the lep¬ 
ton samples selected from the 0(3686) —?► 7r+7r“J/0, 
J/0 —>• process, (3) the uncertainty in the ex¬ 

tra cos0g± requirement (0.1%) estimated by compar¬ 
ing the acceptances of this requirement for data and 
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Monte Carlo events, which are determined using the elec¬ 
tron samples selected from the ^/’(3686) —?► 7r+7r“J/'0, 
J/ijj ^ e+e“ process, (4) the uncertainty due to pho¬ 
ton selection (1.0% per photon [31]), (5) the uncertainty 
associated with the kinematic fit (2.1%) determined by 
comparing the distributions and the efficiencies of the 
< 25 requirement for data and Monte Carlo simula¬ 
tion, which are obtained using the '0(3686) —>■ 
events selected from data taken at ^ = 3.686 GeV and 
the corresponding Monte Carlo samples, (6) the uncer¬ 
tainty in the reconstruction efficiency (0.3%) arising from 
the Monte Carlo statistics, (7) the uncertainties in the 
branching fractions of Xci ,2 —t y>//'0 and J/0 —£+£“ 
decays (3.6% for yXci, 3.7% for yxc 2 [23]), and (8) the 
uncertainty associated with the fit to the mass spectrum 
(6.1% for yxci, 73.2% for yXc 2 ) determined by chang¬ 
ing the fitting range, changing the order of the polyno¬ 
mial, varying the magnitude of the peaking background 
from the radiative ■0(3686) tail by ±lcr and using an al¬ 
ternative signal function (Monte Carlo shape convoluted 
with a Gaussian function). These systematic uncertain¬ 
ties are summarized in Table I. Adding these systematic 
uncertainties in quadrature yields total systematic un¬ 
certainties of 9.4% and 73.6% for 0(3770) —>• yxd and 
0(3770) —>■ yxc 2 decays, respectively. 


TABLE I. Summary of the systematic uncertainties (%) in 
the measurements of the branching fractions for 0(3770) —>■ 
yXci and yXc 2 . 


Source 

7Xci 

7Xc2 

Total number of 0(3770) 

5.4 

5.4 

Particle identification 

0.1 

0.1 

cosSgi cut 

0.1 

0.1 

Photon selection 

2.0 

2.0 

Kinematic fit 

2.1 

2.1 

Efficiency 

0.3 

0.3 

Branching fractions 

3.6 

3.7 

Fit to the mass spectrum 

6.1 

73.2 

Total 

9.4 

73.6 


To obtain an upper limit on S(0(377O) —>■ yXc 2 ), we 
integrate a likelihood function from zero to the value of 
S(0(377O) —>■ yXc 2 ) corresponding to 90% of the integral 
from zero to infinity. The likelihood function is a Gaus¬ 
sian function constructed with the mean value of B and 
a standard deviation which includes both the statistical 
and systematic errors. Using this method, an upper limit 
on the branching fraction of 0(3770) —>■ yxc 2 is set to 

13(0(3770) ^ yxc 2 ) < 0.64 x 10“^ (9) 

at the 90% confidence level (C.L.). 

C. Partial width 

Using the total width = (27.2±1.0) MeV [23], 

we transform the measured branching fractions to the 


TABLE 11. Comparison of measured partial widths with the¬ 
oretical predictions, where 0 is the mixing angle of the S-D 
mixing model. 


Experiment / theory 

r(0(377O) 

J = 1 

7 Xcj) (keV) 

J = 2 

This work 

67.5 ±4.1 ±6.7 <17.4 

Ding-Qin-Chao [12] 

nonrelativistic 

95 

3.6 

relativistic 

72 

3.0 

Rosner S-D mixing [13] 

0 = 12° [13] 

73 ±9 

24 ±4 

0 = (10.6 ± 1.3)° [32] 

79 ±6 

21 ± 3 

0 = 0° (pure Di state) [32] 

133 

4.8 

Eichten-Lane-Quigg [14] 

nonrelativistic 

183 

3.2 

with coupled-channel corr. 

59 

3.9 

Barnes-Godfrey-Swanson [15] 

nonrelativistic 

125 

4.9 

relativistic 

77 

3.3 


transition widths. This yields 

r(0(377O) yxci) = (67.5 ± 4.1 ± 6.7) keV 

and the upper limit at the 90% C.L. 

r(0(377O) yxc 2 ) < 17.4 keV. 

The measured partial widths for these two transitions are 
compared to several theoretical predictions in Table II. 

D. Partial cross section 

Using the cross section cr^( 377 o) = (9.93 ± 0.77) nb 
for 0(3770) production at ^/s = 3.773 GeV, which is 
calculated using 0(3770) resonance parameters [23], to¬ 
gether with the measured branching fractions for these 
two decays, we obtain the partial cross section for the 
0(3770) —>■ yxci transition to be 

cr(0(377O) ^ yxci) = (24.6 ± 1.5 ± 3.0) pb 

and the upper limit at the 90% C.L. on the partial cross 
section for the 0(3770) —yXc 2 transition to be 

cr(0(377O) -)■ yxc2) < 6.4 pb. 

V. SUMMARY 

By analyzing 2.92 fb“^ of data collected at ^/s = 
3.773 GeV with the BESIII detector operated at the 
BEPCII, we measure S(0(377O) yxd) = (2.48±0.15± 
0.23) X 10“^ and set a 90% C.L. upper limit ;B(0(377O) — >■ 
lXc 2 ) < 0.64 X 10“^. This measured branching frac¬ 
tion for 0(3770) —>■ yXci is consistent within error with 
-B(0(377O) ^ yxci) = (2.8 ± 0.5 ± 0.4) x measured 
by CLEO-c [10], but the precision of this measurement 
is improved by more than a factor of 2. 
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